Plantlets grown in conventional tissue culture systems usually encounter physiological and anatomical abnormalities including inability of photosynthesis, low chlorophyll content, open stomata, lack of cuticle layer in the leaf, abnormal xylem parenchyma, etc. Photoautotrophic and photomixotrophic systems could diminish these problems. Photomixotrophy is the nutritional type where living organisms use not only endogenous but also exogenous carbohydrates as an energy source. The purpose of this study was to increase the chlorophyll content and photosynthetic ability of in vitro grown shoots and better adaptation of walnut plantlets. Natural ventilation, sucrose, chelated iron and supporting materials were tested. Walnut apical leaf buds were cultured in without ventilation and natural ventilation vessels (vitrovent vessels). Natural ventilation had a significant effect on most of the growth indices. Also, different levels of sucrose and supporting materials had significant effect on growth characteristics. Plants grown in ventilation vessels containing vermiculite and 15 g/L sucrose were lusher. Plantlets grown in medium containing Fe-EDDHA had more growth than plantlets grown in the Fe-Na 2 EDTA medium. Natural ventilation significantly increased content of chlorophyll. By using of 15 g/L sucrose, the chlorophyll b and total chlorophyll significantly increased. Also, vermiculite increased the content of chlorophyll a, b and total significantly. In general, using ventilated vessels containing vermiculite and 15 g/L sucrose significantly increased the chlorophyll a, b and total chlorophyll. Stomata under non-ventilated condition were spherical with wide openings whereas, those in ventilated vessels were elliptical with narrow openings. Natural leaf stomata were observed in ventilated vessels containing vermiculite. As a result, ventilated vessels with 30 g/L of sucrose and vermiculite and 79 mg/L of Fe-EDDH produced healthy plantlets.
INTRODUCTION
In vitro propagation of walnut has played a very important role in rapid multiplication of cultivars with desirable traits and production of healthy and disease-free plants (Payghamzadeh and Kazemitabar, 2011) . Plants grown under common tissue culture systems are heterotrophic (Rahman and Alsadon, 2007) . It has been proven that growth of plantlets in vitro depends on sugar in the medium and CO 2 in the air (Afreen, 2007) . Plantlets grown in conventional tissue culture systems are usually confronted with physiological and anatomical abnormalities. Some of these problems include the inability of photosynthesis, low chlorophyll content, open stomatal, lack of cuticle layer in the leaf, abnormal leaf and xylem parenchyma, etc. To solve these photoautotrophic and photomixotrophic systems are proposed.
In vitro environment in a typical conventional micropropagation system is characterized by high relative humidity, high ethylene concentration, stagnant air, and low CO 2 concentration (Fujiwara and Kozai, 1995) . The CO 2 concentration inside the conventional, small culture vessel during the photoperiod increases by increasing air exchanges of the vessel per hour (Kozai and Sekimoto, 1988; Xiao and Kozai, 2004) and/or employing an air diffusive filter on the vessel. In addition, the photosynthetic ability of plants in vitro may favor further acclimation to conditions ex vitro (Kozai et al., 1990) . The physiological and anatomical characteristics of the in-vitro plants are interrelated and chiefly governed by the microclimate of the cultured vessel, which includes mainly light, relative humidity, carbon dioxide, air movement inside the cultured vessel and also into the composition of the nutrient medium. The major characteristics of the gaseous environment in vitro in conventional micropropagation systems are high relative humidity, large diurnal fluctuations in CO 2 concentration and accumulation of ethylene and other toxic substances (Kozai and Kubota, 2001 ). Preventing acclimation shock by conditioning plants through using loosely capped vessels or porous closures and consequently low relative humidity is the prevailing objective of in vitro photoautotrophic or photomixotrophic cultures (Hazarika, 2006) . This study was undertaken with three main objectives for improvement of walnut micropropagation: 1) improved growth of walnut plantlets, 2) improved plantlets leaves and stems to reduce water loss in the adaptation phase, and 3) increased chlorophyll content and photosynthetic ability.
MATERIALS AND METHODS
Apical leaf buds of Persian walnut ('Chandler') were cultured in DKW basal salt medium (Driver and Kuniyuki, 1984) supplemented with IBA (0.01 g/L), BAP (1 mg/L). The media were supplemented with phytagel (2.2 g/L) (Sigma ® ) and adjusted to pH 5.6 before autoclaving at 121°C for 20 min and 1 kg/cm 2 pressure. Four shoots were cultured in each jar, containing 50 ml of media. The vessels were unventilated and ventilated by a polypropylene membrane (50 µm microporous Polypropylene membrane; Unipak Co). Four vessels were used for each treatment. Growth factor (shoots height, shoots diameter, leaves number, callus weight, shoots fresh weight and shoots dry weight), chlorophyll content and stomata forms were examined.
Three experiments were designed for this study: 1) shoots were cultured on unventilated or ventilated vessels supplemented with 0, 15, 30 or 45 g/L sucrose; 2) shoots were cultured on unventilated or ventilated vessels containing agar, phytagel or vermiculite; 3) the media were supplemented with 39, 79 or 118 mg/L Fe-EDTA or Fe-EDDHA on unventilated or ventilated vessels.
RESULTS AND DISCUSSION

Vegetative Growth
Ventilated vessels did not significantly affect fresh weight of the plantlets but increased the dry weight indicative of the ability of these vessels to reduce hyperhydricity in the tissue cultured plants. By using ventilation in the culture vessel the occurrences of leaf hyperhydricity in potato (Zobayed et al., 2001a) and eucalyptus (Zobayed et al., 2001b) has been avoided. The lower dry weight of the hyper-hydrated shoots was attributed to the high water content of the shoots (Afreen, 2007) . The unsuitable environmental conditions (e.g., high relative humidity, constant air temperature, accumulation of ethylene gas, high osmoticity of the culture medium due to the presence of sugar and ammonium, hormonal imbalance in the media, sealing of culture vessels etc.) are responsible for the morphological and physiological disorders of the in vitro plantlets.
Ventilation and sucrose had a variable effect on plant growth (Table 1) . In this study 30 g/L sucrose improved all vegetative growth parameters. In all the studied traits excluding shoot dry weight, our results confirm those achieved by Pruski et al. (2002) and Mohamed and Alsadon (2010) . Importance of sucrose (20-30 g/L) in micropropagation as a carbon source has been well documented (Hazarika et al., 2004) . Sugar containing media always showed higher fresh weight of plantlets than sugar-free media which is in agreement with Kozai et al. (2002) and Rahman and Alsadon (2007) .
The second experiment showed that ventilated vessels do not significantly affect the number of leaves while phytagel increased leaves number compared with other supporting substrates. Various supporting materials used showed significant differences in 183 fresh and dry weight. So that the lowest fresh weight and highest dry weight was in plantlets grown in vermiculite. Stem diameter, number of lateral shoots and callus weight was lower in the plantlets compared with plantlets grown in agar and phytagel (Table 2) . Low dissolved oxygen concentration, especially in gelled agents is a characteristic of conventional micropropagation supporting medium. The use of fibrous supporting materials with high air porosity such as vermiculite (Kirdmanee et al., 1995) generally gives better plant growth and development under photoautotrophic conditions. Cultures with ventilation vessels rather than without ventilation vessels faster loose water and consequently affect the growth rate (Goncalves et al., 2007) . Increase in dry weight in ventilated vessels may result in more CO 2 concentration and photosynthetic activity.
Natural ventilation showed no significant effect on length of shoot. Fe-EDDHA iron source significantly increased length of shoots compared to Fe-EDTA. Plantlets grown in medium containing Fe-EDDHA iron had more growth than plantlets grown in the Fe-Na 2 EDTA medium. The best growth was obtained in 79 mg/L of iron chelate. The maximum dry weight of plantlets was obtained in containers with 79 mg/L Fe-EDDHA and ventilation vessels ( Table 3 ). The results indicated reduced growth in low and high concentrations of iron (Fig. 1) . Growth retardation can be attributed to iron deficiency (39 ml/L) and iron toxicity (118 ml/L).
Chlorophyll Analysis
Natural ventilation significantly increased content of chlorophyll. By using 15 g/L sucrose, the chlorophyll b and total chlorophyll were significantly increased (Fig. 2) . Chlorophylls play a crucial role in photosynthesis. Traditionally, changes in their levels in foliage have been used to evaluate photosynthetic activity, and changes in the proportion of chlorophyll a to chlorophyll b have been used as an indicator of abiotic stress tolerance in plants (Larcher, 1995) . The measurement of leaf pigmentation is an important parameter for ecophysiologists because it provides an indirect measure of leaf nitrogen (since chlorophyll contains nitrogen in its structure) and, in turn, nutrient status (Richardson et al., 2002) . The exogenous supply of sucrose which is not required for the normal development of photosynthetic apparatus produces low chlorophyll content in in vitro plants (Grout and Donkin, 1987) . Results confirm those achieved by Mohamed and Alsadon (2010) . Similarly, the cotyledons of Coffea arabusta somatic embryos had higher chlorophyll content under photomixotrophic conditions which suggested that they are able to photosynthesize (Afreen et al., 2002) . Under this condition, CO 2 will increase strongly influencing the transition from heterotrophic to photomixotrophic growth and consequently increase chlorophyll content.
The second experiment showed that vermiculite increased the content of chlorophyll a, b and total significantly. In general, using ventilated vessels containing vermiculite and 15 g/L sucrose significantly increased the chlorophyll a, b and total chlorophyll. The results indicate that by using of Fe-EDDHA, the chlorophyll significantly increased. Natural ventilation significantly increased the content of chlorophyll b and total chlorophyll. Fe-EDDHA increased the chlorophyll a, b and total vs. FeNa 2 EDTA. The higher chlorophyll content obtained in plantlets growing in ventilation vessels contains Fe-EDDHA (118.9 mg/L).
Stomata
An important anatomical abnormality reported by many researchers observed in a poorly ventilated sugar-containing (heterotrophic) media is the non-functional stomata. Results showed that stomata of plantlets grown in ventilated vessels were elliptical with a narrow opening pore width, whereas stomata of plantlets in non-ventilated vessels were spherical with an opening pore (Fig. 4) . Sha Valli et al. (2003) stated that the round shape stomata is usually considered to be associated with abnormal in vitro stomatal function whereas the elliptical one is a characteristic of in vivo stomata endowed with normal function. Figures   Fig. 1 . A) Walnut plantlets grown in non-ventilated vessels and B) natural ventilated vessels in DKW medium containing 39, 79 or 118 mg/L Fe-EDTA or Fe-EDDHA. 
